Abstract. We present observational results for extragalactic radio sources with milliarcsecond components, obtained with the 600 meter ring radio telescope RATAN-600 from 1st to 22nd December, 1997. For each source, a six frequency broad band radio spectrum was obtained by observing simultaneously with an accuracy up to a minute at 1.4, 2.7, 3.9, 7.7, 13 and 31 cm. The observed list is selected from Preston et al. (1985) VLBI survey and contains all the sources in the declinations between −30
Introduction
One of the main characteristics of an extragalactic radio source is the shape of the broad band spectrum, which provides a considerable amount of physical information about the object. The extragalactic radio sources are often separated into different samples on the basis of the shape of the spectra (e.g. flat, inverted, steep, gigahertz peaked spectrum sources). This shows the importance of the multifrequency broad band spectra surveys of compact extragalactic objects among long term flux variability monitoring programs (e.g. Aller et al. 1985 , Mitchell et al. 1994 and VLBI imaging surveys (e.g. Kellermann et al. 1998 and references therein) .
Most of the earlier multifrequency spectra results were obtained by combining measurements carried out quasiSend offprint requests to: Y.Y. Kovalev ⋆ Tables  1  and  5  are  available  at  CDS  to cdsarc.u-strasbg.fr (130.79.128.5) or via http://cdsweb.u-strasbg.fr/Abstract.html Correspondence to: yyk@asc.rssi.ru simultaneously (over a period of one or more months) at radio and shorter wavelengths, using several telescopes on some samples of tens of objects, selected by various criteria. For example, we refer to the measurements of 19 active extragalactic sources from 20 cm to 1400Å by Landau et al. (1986) . Valtaoja et al. (1988) investigated quiescent spectra for a sample of 27 radio sources observed at centimeter and millimeter wavelengths. compared quasi-simultaneous 5-375 GHz spectra of 22 BL Lacertae objects with 24 radio-loud, violently variable quasars. Kühr et al. (1981) compiled radio measurements at more than two frequencies for 494 sources from the combined NRAO-MPI 5 GHz Strong Source Surveys and the Parkes 2.7 GHz Surveys. Herbig & Readhead (1992) composed non-simultaneous radio data from 10 MHz to 100 GHz on a complete sample of 256 objects. We also refer to papers, cited in the O'Dea (1998) survey of compact steep-spectrum and gigahertz peakedspectrum sources, as well as a number of other works.
Some earlier RATAN-600 results on broad band spectra observations were presented for samples from 8.7 GHz Zelenchuk sky survey by Amirkhanyan et al. (1992) and 87GB survey by Mingaliev & Khabrakhmanov (1995) , for strong compact extragalactic objects by and weak radio sources from the RATAN-600 "Cold" deep sky survey by Bursov (1997) .
A broad band spectrum of a compact extragalactic radio source is usually considered to be the sum of spectra of several compact and extended components in a source structure. The components are located at various distances from the central nucleus of the object, and are likely to have resulted from activity within the nucleus. The nucleus may be a black hole, which converts an accreted ambient gas to ejected relativistic particles along magnetic fields. Some of the components can be variable in time. The variability can misrepresent the true shape of a spectrum if measurements at all or especially high frequencies are not simultaneous.
In this work we present observational results of more than five hundred sources at six frequencies from 1 to 22 GHz using a single radio telescope. Flux densities at all frequencies are measured practically instantaneouslyover a period of a few minutes. This is the shortest time scale of broad band six frequency measurements for the largest sample of sources so far, which has been used for a spectra survey of compact extragalactic radio sources.
These observations are part of a long-term program of instantaneous spectra monitoring of compact extragalactic objects (Kovalev 1998) , which have milliarcsecond components and are studied by VLBI networks. They also give a ground spectra support for the VSOP survey and a pre-launch spectra study of the objects for the RadioAstron project. The goal of the long-term program is a mass study of the spectra and their variability for many hundreds of compact extragalactic radio sources. It is also among our intentions to find a relationship between instantaneous multifrequency spectra and the VLBI radio structure.
Source sample
We have selected about 700 sources from the Preston et al. (1985) VLBI survey. These sources have a correlated flux density F corr 13 ≥ 0.1 Jy at the wavelength of 13 cm, and are located north of declination −30
• . The northern sector of RATAN-600 restricts this declination range from −30
• to +43
• . Measurements of the sources located north of declination +49
• were made in 1998 with the southern sector of RATAN-600 and will be published at a later date.
The list of 551 sources for northern sector observations is presented in Table 1. The columns of this table are as  follows: (1) the IAU name, (2) possible other name, (3) the optical identification (OI) and (4) the redshift. The OI and redshifts are taken from Veron-Cetty & Veron (1998) or, if not found there, are taken from the NASA/IPAC Extragalactic database (NED). The abbreviations used are "Q" for quasars, "BL" for BL Lacertae objects, "G" for galaxies, "RS" for radio sources. In the latter case we do not have OI. An extended version of this table is available in electronic form at the CDS. This also includes B1950 coordinates taken from Preston et al. (1985) and Morabito et al. (1986) , correlated flux densities at 13 cm with errors from Preston et al. (1985) and optical spectrum classifications from Veron-Cetty & Veron (1998).
Observations
We performed continuous six frequency 1-22 GHz spectra observations of compact extragalactic sources from 1st to 22nd December, 1997. We used the 600 meter ring radio telescope RATAN-600 (Korolkov & Parijskij 1979 , Parijskij 1993 at the Russian Academy of Sciences' Special Astrophysical Observatory, located in KarachaevoCherkessia Republic (Russia) near Nizhny Arkhyz and Zelenchukskaya at the North Caucasus. The northern sector 
of the antenna (a part of the main ring reflector) was used together with the secondary mirror of cabin No. 1. Six broad band receivers are located at this movable cabin. The cabin moves along 150 meter long rails in order to be placed in the focus of the antenna system at different elevations. The main (meridional) transit method of observation was employed. Accuracy and reliability of these spectra measurements were essentially higher than earlier experiments conducted at the RATAN-600 due to the following improvements made to the receivers, antenna control system and the procedure of observations. We used a new set of broad band receivers at the wavelengths of 1.4, 2.7, 3.9, 7.7, 13 and 31 cm with low noise HEMT amplifiers (LNA), cooled to a temperature of 15 K at the four shortest wavelengths (Berlin et al. 1997 (Berlin et al. , 1993 . Parameters of radiometers and antenna beams are given in Tables 2, 3 . Table 2 lists wavelengths λ; numbers of feedhorns n h ; exact central frequencies ν 0 ; band widths ∆ν; physical temperatures of the LNA T phys LNA ; noise temperatures of the LNA T LNA ; total noise temperatures of systems T sys , including the antenna noise at middle elevations; rms noise temperature sensitivities of the system δT sys for a one second integration time. Dual-feedhorn receivers are beamswitched. Single-feedhorn receivers have a noise-added, gain-balanced mode of operation. Linearly polarized systems were available at all frequencies: horizontal at 7.7 cm and vertical at other wavelengths. Table 3 gives half power beam widths (HPBW) in right ascensions HPBW RA and declinations HPBW Dec = r HPBW RA , for various elevations. The values of HPBW RA were obtained from our measurements. Ignoring the aberration effects, we estimated the factor r using theoretical simulations of the RATAN-600 beam by Esepkina et al. (1979) and their experimental testing by Temirova (1983) . A map of the knife-like beam of the RATAN-600 northern sector is known to have different shapes of contours cross-sections at high and low power levels. In the absence of aberrations, the shapes can be described as ordinary elliptical contours (elongated on declinations) at half power level and higher levels. The contours are transformed to "the elongated eight" at lower levels or to "a dumb-bell" at 0.1 normalized power level (see Esepkina et al. 1979 for details).
The full permanent automatic control of 225 elements of the main ring reflector was achieved using the new control system of the antenna (Zhekanis 1997; Golubchin et al. 1995) . Errors in position of each element of the main reflector, if present, were recorded in order to check the quality of the antenna surface for each observation. The positioning of cabin No. 1 with the secondary mirror was measured from one of the eight geodetic reference points, located every 20 meters along the rails. The accuracy of semi-automatic positioning of the cabin directed towards the focus was again checked by us some minutes before each observation. If an error of more than 2 mm with respect to a value given in the schedule was found, it was corrected.
All horns of the radiometers are horizontally located and form a new configuration, which is an optimal one for decreasing transversal aberrations. Observations were carried out in the main meridian (transit mode). As a result, a response to an object is obtained due to its horizontal scanning by the antenna beam because of the daily rota- m 5 here). The total duration of each six frequency observations was usually about five minutes, and included also two sets of noise temperature calibration for 30-40 seconds before and after the passing of the source. The data acquisition system (Chernenkov & Tsibulev 1995) controls radiometers and records the output signals. After each observation, the main ring reflector and the cabin No. 1 with receivers and the secondary mirror were repositioned for observation of the next source on a new elevation.
We have optimized the observational schedule, using new software (Zhekanis & Zhekanis 1997) . To increase the reliability of results by final averaging of the spectra, we endeavoured to include each source in the schedule two or more times during the set and each flux density calibrator in more than 70% of the days. The typical number of sources observed in a 24 hour observing session was about 80 in the optimized schedule. Several breaks in observations occurred because of weather conditions (snow-falls or unusually low temperatures t < −15
• C), nine hours of technical maintenance per week, etc. As a result, the total number of successful observations was about 1450 during 21 days, or about 69 observations per day on average and 2.6 spectra per source during the set (formal averaging). In 20% of the sources the spectra have been measured only once.
Data reduction and calibration
Data reduction has been done using a YURZUF software package, which had been specially designed for the automatic reduction of the broad band spectra monitoring observations (Kovalev 1998) . Fitting a beam which is simulated at the source elevation allows us to compute the amplitude of a source response at each frequency. A Sin- Forsythe et al. (1977) was applied. Routine functions, designed by V.R. Amirkhanyan, were also included via an additional interface as a subroutine to the YURZUF software to simulate the main antenna beam together with the secondary lobe. Before the reduction, the quality of such a fitting has been checked and a simulation of the beam has been optimized by tuning control parameters using the sample of 30-50 sources which are strong and compact at all frequencies, and distributed on different elevations (see an example of fitting on Fig. 2 ).
The following seven flux density calibrators were applied to obtain the calibration curve in the scale of Baars et al. (1977) : 0134+32, 0237−23, 0518+16, 0624−05, 1328+30, 2037+42 (for calibration at 7.7, 13 and 31 cm only), 2105+42 (excluding 31 cm calibration). They were recommended by Baars et al. (1977) , excluding 0237−23 which is the traditional RATAN-600 flux density calibrator at low elevations. Measurements of some calibrators were corrected, where necessary, on angular size and linear polarization, following the data, summarized in Ott et al. (1994) and Tabara & Inoue (1980) respectively. Response to an extended calibrator was simulated as a twodimensional convolution of the beam and brightness distribution in the published model of a calibrator. The best fit to the observed response was found by optimization of the angular size of an extended calibrator at each frequency. The correction factor due to an angular extension g ext was Fig. 3 . The flux density calibration factor F cal versus elevation h at all wavelengths. Solid and dashed lines at 1.4, 2.7 and 3.9 cm represent F cal for each horn separately. All data (crosses and points with errors), shown for 6-7 calibrators, were averaged during the observational set. Seven calibrators are shown at 7.7 and 13 cm, but the data for two calibrators at h=88.
• 4 and h=88.
• 5 are plotted in the same spot calculated numerically by integrating over the solid angle of the optimized brightness distribution and the convolution of the distribution with the beam. Following Ott et al. (1994) , we applied Gaussian profiles of the brightness distribution over right ascension and declination for 0134+32, 0625−05, 1328+30, 2037+42 and the elliptical disk model for 2105+42, additionally making an axial ratio to be equal to the measured one in Masson (1989) . The correction factor due to linear polarization g pol of the calibrators was calculated in the standard way (Kuzmin & Salomonovich 1964 , Kraus 1966 ) as g pol = 1/[1 + p cos(2ϕ)], where p is the linear polarization degree and ϕ is the angle between polarization planes of a source and the antenna. The corrected amplitude of the response to a calibrator is calculated as the observed one, multiplied by the factors g ext and g pol .
The flux densities of the calibrators, in Janskies, the factors g ext and g pol are summarized in Table 4 for each source (at the elevation h) at each wavelength from top to bottom respectively. The flux densities were calculated from polynomial approximations (Taylor 1999 ) of the VLA measurements (relative to the spectrum of 3C 295) for 0134+32, 0518+16, 1328+30; from spline and polynomial approximations of the data by Ott et al. (1994) for 0624−05, 2037+42, 2105+42 (in relation to the spectra of 3C 295 and 3C 286), and from the polynomial approxi-mation (Kühr et al. 1979 ) of the spectrum for 0237−23. For 0134+32 and 1328+30 at 31 cm, we give preference to the flux densities extrapolated from the approximations of Ott et al. (1994) . Taking into account all available data, we also used two following extrapolated values: 0.70 Jy for 0237−23 and 1.4 Jy for 0624−05 at the wavelength of 1.4 cm. With these extrapolations, we have obtained reasonable results.
Amplitude measurement of a source in flux density units has been done in relation to an amplitude of a flux density calibrator by comparing both with the amplitude of a stable signal from a noise generator, using standard methods. In our observations the elevations of seven flux density calibrators are fixed. Because of this fact we computed a regression curve to obtain dependence of the flux density calibration factor F cal on the elevation for each horn on each frequency (Fig. 3) . F cal is equal to the amplitude of the noise generator signal, calibrated in flux density units. In fact, the obtained calibration curves F cal (h) show the dependence of the mean measured flux density for a source on the elevation h, if its antenna temperature is equal to that of the noise generator signal T ns (Kovalev 1998) :
is the effective area of the antenna in the focus, q ab (h) -the factor of aberration (due to transversal shifts of a feedhorn from the focus), q atm (h) -the atmosphere attenuation factor, k -the Boltsman's constant. We did not make any additional atmospheric correction during the set (the altitude of RATAN-600 site is 970 m above sea-level).
The total relative rms error of each individual flux density measurement σ/F is estimated from the following relation (Kovalev 1998 
where the first term inside the brackets on the right hand is the relative error of the amplitude A s of a source (after fitting the simulated response to the observed one), the second -the relative error of the amplitude A ns of a response to the noise generator signal, the third -the relative error of our flux density calibration F cal , averaged on the set, and the last -the relative error σ r scale of the absolute flux density scale. Usually, the last term is excluded from presented errors, but we show it in the relation to emphasize its importance, because different calibrators may be used in various works.
The total error σ is calculated, excluding only the σ r scale error, which is estimated by Baars et al. (1977) , Ott et al. (1994) and Taylor (1999) as about 10% at 1.4 cm and 3-5% at other wavelengths. It is better to increase σ r scale to 10-15% at 1.4 cm for the sources with declinations less than −5
• because of the above mentioned extrapolation of the flux density values for 0624−05 and 0237−23. Errors (σ cal /F cal ) of the calibration depend on elevation and are formally less than 2.6, 0.7, 1.4, 1.1, 0.7 and 0.9 % at 1.4, 2.7, 3.9, 7.7, 13 and 31 cm respectively (the errors are averaged here over two horns at 1.4-3.9 cm, Fig. 3) .
Mean values are always calculated as the mean weighted values, if several measurements have been made, with corrections by the Student's factor to increase the reliability to the standard value 0.683 for one sigma error. The dispersion of frequent measurements of calibrators (and, consequently, σ cal and σ) as well as calculated errors of mean spectra measurements represent also random instrumental instabilities and a variability due to atmosphere conditions during the set.
Systematic errors caused by various reasons including calibration are known to be often the main real errors. We have compared our results with published observations of other authors to check the residual systematic errors, using several tens of strong objects distributed on elevations with constant or slightly variable broad band spectra. The agreement is found to be quite good within the total accuracy of the data. Table 5 with the results of observations is available in the electronic form only at the CDS via anonymous ftp. It includes the flux density data (with one sigma errors without scale errors σ r scale ) at 1.4, 2.7, 3.9, 7.7, 13 and 31 cm for 546 of 551 objects of the source list from Table 1 . The results of instantaneous observations of the spectra are shown in Fig. 4 . Averaged instantaneous spectra are given in Table 5 and Fig. 4 , if two or more observations of a source have been done.
Results
The sources 0156−14, 1635−03 were not observed in December, 1997. We have pointed the antenna to the coordinates of 0611+13 several times, but we have not detected an emission from the source at any frequency (nothing is present at the coordinates of 0611+13 in NED too). The object 3C 274 is resolved by RATAN-600 at all observed frequencies; multifrequency response to 3C 111 has a double maximum. We have excluded the data for these sources from final results.
Absence of data for some sources at some frequencies is a result, in general, of data exclusion for the following reasons: possible confusion in declinations (especially at low elevations) or partial resolution of a source at some frequencies (e.g. 3C 154 at 1.4, 2.7, 3.9, 7.7 cm), a source is too weak to be measured reliably (e.g. III Zw 2 at 31 cm), a strong influence of man-made interferences (frequently at 31 cm, sometimes at 13 cm), strong interferences from a stationary placed satellite at 2.7 and 7.7 cm (in declinations between −10
• and 0 • ). Nevertheless, in some cases the data was not excluded in spite of the increase in errors caused usually by interferences.
We believe that shapes of the instantaneous spectra presented can be explained by continuous activity of the nuclei of the objects in accordance with the basic hypothesis of a source with two dominating general components (compact and extended), following , . The detailed analysis of the data is deferred to later papers.
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